XLPOU3 is a member of the Xenopus POU domain family of genes, encoding a class of homeodomain-containing transcription factors implicated in cell differentiation during development. Here we describe the isolation and characterisation of XLPOU3b, an allelit genomic counterpart of the XLPOU3 cDNA previously described (Baltzinger et al. (1992 ) Nucleic Acids Res. 20, 1993, and the spatio-temporal transcription patterns of this gene during development, as determined by Northern blotting and whole-mount in situ hybridisation. Like other genes encoding POU domains of class III, XLPOU3b is intronless. XLPOU3 and XLPOU3b proteins share 82% amino acid identity with the mammalian N-Ott-3/Bm-2 proteins. XLPOU3 mRNA, which is first detected at the neurula stage, is expressed in the developing brain and spinal cord. In addition, XLPOU3 transcription is observed in a restricted region of the auditory vesicle during development. The results suggest that XLPOU3 may participate in patterning the central nervous system during early Xenopus development.
Introduction
Efforts to elucidate the complex set of interactions governing vertebrate development have been aided by studies of development in lower eukaryotes. The identification of a family of genes, all containing a homeobox, that are critical for pattern formation and differentiation in the developing fly and the discovery of their vertebrate and invertebrate counterparts have provided a useful model to study the role of regulatory genes in embryogenesis (Duboule, 1994) .Their products, the homeodomain proteins, play their role through transcriptional regulation of target genes.
A large family of POU-domain transcription factors which form a unique subfamily of homeodomain proteins has been characterised in a variety of species. The POU family was originally defined by sequence homology of three mammalian proteins, Pit-l/GHF, Ott-1 and Ott-2, and the Caenorhabditis elegans protein unc86 (Herr et al., * Corresponding author. Tel.: +33 88 41 70 86; fax: +33 88 41 70 70; e-mail: baltzinger@ibmc.u-stbg 1988) . All the POU proteins exhibit a bipartite DNAbinding domain (the POU domain) made of a homeodomain linked to a POU-specific domain. The growing number of new members of the family led to their classification into six subclasses, mainly based on similarities in the sequences of the linker region of the POU domain, which present weaker homologies. The role of these transcription factors in ontogenetic development and cellular differentiation has been investigated (reviewed in Verrijzer and Van der Vliet, 1993; Wegner et al., 1993) . All the known POU-domain genes exhibit distinct temporal and spatial expression patterns during development. Those belonging to classes III and IV are widely expressed in embryonic and adult neural tissues. In contrast to the more classical homeodomain proteins, the POUdomain proteins are expressed in the evolutionarily recent structures of the forebrain and midbrain, therefore suggesting a potential role in the regulation of neural development.
In the present study we report the sequence of XLPOU3b, a genomic clone allelic to the XLPOU3 cDNA that we have previously described (Baltzinger et M. Balizinger et al. /Mechanisms of Development 58 (I 996) 103-l 14 al., 1992) . Sequence comparisons indicate that XLPOUY 3b exhibit an important sequence homology with the mammalian gene brn-2 (Hara et al., 1992; Atanasoski et al., 1995) . We present here the temporal and spatial transcription of XLPOU3 during early development of Xenopus laevis.
Results

Nucleotide sequence analysis of XLPOU3
We previously reported the cloning and sequencing of the XLPOU3 cDNA, a member of the POU-domain family of gene expressed in Xenopus laevis (Baltzinger et al., 1992) . In order to further characterise the XLPOU3 coding and flanking sequences, we isolated genomic clones corresponding to this cDNA. The screening at high stringency of lo5 clones from a genomic library with a genomic probe derived by polymerase chain reaction (PCR) (see Section 4) and covering almost the entire open reading frame (ORF) of the XLPOU3 cDNA, resulted in the identification of four positive clones containing inserts longer than 12 kb. One of them, named XLPOU3b, was partially sequenced. A complete colinearity is observed between the genomic XLPOU3b sequence and that of XLPOU3 cDNA, indicating that the gene is intronless (Fig. 1A) . Two direct repeats of eight bases (TATIG CTC) and nine bases (TITCCCAGG) are present at positions 7613950 and 55413964, respectively, of the genomic clone, bracketing the region corresponding to the XLPOU3 cDNA. These sequences could be the hallmarks of a retroposition (see Section 3).
The 1158 bp-long ORF of XLPOU3b exhibits 97% identity with the XLPOU3 cDNA. Among the 44 nucleotides (nt) differing in both ORFs, nine correspond to a sequence insertion (nt 1607-1615) resulting in three extra glutamine residues in the XLPOU3b peptide sequence. Out of the 35 remaining differences, 23 do not lead to amino acid substitution in the predicted XLPOU3b protein sequence as compared to the peptide sequence derived from the XLPOU3 cDNA. The 3'-untranslated regions (UTR) of both DNA sequences exhibit 91% identity. XLPOU3b may therefore correspond to an allele of the XLPOU3 gene. A high sequence identity (81%) is observed between the XLPOU3b and brn-2/N-Ott-3 ORFs (Hara et al., 1992; Schreiber et al., 1993) . Immediately upstream of the initiator ATG (nt 993-1051, Fig.  lA ), 78% homology is observed with the mouse brn-2 gene. These regions correspond to the 5'-UTR of the corresponding cDNAs. (Baltzinger et al., 1992) . The ORF (nt 1052-2207) is drawn as a rectangle with the POU domain hatched. The WFC motif, which is converted in WCC in the cDNA sequence, the three extraglutamine residues (QQQ) and a putative polyadenylation sequence (AATAAA) arc indicated. Arrowheads at positions 76, 3950 and 554, 3964 indicate two pairs of direct repeats of eight (TATTGCTC) and nine (TTTCCCAGG) base pairs. In the 5'-flanking region, the region of homology with the mouse bm-2 gene, localised from nt 844 to nt 893 and detailed below in (B) is shaded. (B) Comparison of the XLPOU3b and mouse bm-2 (Hara et al., 1992 ) genes, in the 5' flanking regions. A 88% identity is observed in a region 50 nt long. A putative E4Fl (Lee et al., 1987) site and a CCAAT box are typed in boldface.
Efforts to map the start site of transcription by primer extension on the XLPOU3b sequence were unsuccessful. Nevertheless, comparison with the potential regulatory sequences described for the brn-2 gene (Atanasoski et al., 1995) reveals a 50 bp region of homology located upstream of the ATG (nt 844-893, Fig. lA,B ) and which contains a CCAAT box (position 883) also encountered in the brn-2 gene. A second CCAAT box is present roughly 60 nt upstream (position 819), a feature which is conserved in the brn-2 gene. It is worth mentioning the presence of a putative E4F1 recognition site (ACGTAAA; Lee et al., 1987) in the highly homologous region extending from nt 844 to 893 (Fig. 1B) . A microsatellite sequence consisting of a GATA repeat is found 1 kb upstream of the translation initiation codon in the Xenopus XLPOU3b genomic clone. Strikingly, 32 GT dinucleotide repeats are encountered in the brn-2 gene 900 bp upstream of the ATG (Hara et al., 1992) . Such sequences could be involved in the regulation of transcription.
Protein sequence comparison of XLPOU3
The 1158 bp-long ORF of XLPOU3b encodes a 385 amino acid translation product. The sequence of this putative polypeptide is shown in Fig. 2 , together with the previously described XLPOU3 protein. XLPOU3 and XLPOU3b proteins are 98% identical (Table 1 ). In addition to the three inserted glutamine residues in the XLPOU3b protein, only nine amino acids differ between both proteins. The replacement of the strictly conserved phenylalanine within the RVWFCN motif of the third helix of the homeodomain by a cysteine, as observed in the XLPOU3 protein (Baltzinger et al., 1992) , is not maintained in the XLPOU3b protein derived from the genomic clone. Moreover, direct sequencing of DNA fragments encoding the RVWFCN motif, obtained by PCR amplification of Xenopus genomic DNA, failed to bring further support for the existence of this point mutation within the Xenopus genome (data not shown).
XLPOU3 and XLPOU3b clones were transcribed and translated in vitro using a coupled transcription/translation system. Both proteins migrated as 42 kDa species when electrophoresed on SDS-polyacrylamide gel (data not shown). This apparent molecular weight correlates well with the expected molecular masses of 41.5 kDa (XLPOU3) or 42 kDa (XLPOU3b).
The POU domains of XLPOU3 and XLPOU3b are highly homologous to class III POU domains, as classified by He et al. (1989) . The POU domains of XLPOU3 and XLPOU3b proteins share 94% or 96% identity with the corresponding domains of Xenopus XLPOUl or XLPOU2 proteins and 99% identity with those of the mammalian Brn-2/N-Ott-3 proteins (see Table 1 ). Outside the POU domain, high sequence similarities are observed between XLPOU3/3b and Brn-2. Both proteins are 82% identical (88% similar) over their entire sequence.
The alignment of the complete XLPOU3 and XLPOU3b protein sequences is shown in Fig. 2 together with those of mouse, rat and human Brn-2/N-Ott-3.
The mammalian sequences essentially differ from XLPOU3/3b sequences by the presence of stretches of glycine, glutamine and proline (7-23 amino acid long) residues in the N-terminal region.
Developmental and tissue-specific expression of XLPOU3 mRNA
As a first step to elucidate its functional role, the temporal and spatial transcription patterns of the XLPOU3 gene were studied during embryogenesis.
We first examined the transcription of XLPOU3 during Xenopus e,nbryonic development by Northern blotting. For most of the studies, the entire XLPOU3 cDNA clone was used as a probe. As can be seen in Fig. 3A (upper panel), two major transcripts of about 2.1 kb and 2.7 kb are detectable in polyadenylated mRNA from early neurula (stage 14) to tadpole stages. A longer but much less abundant transcript is observed at about 4.3 kb. The Northern experiment was repeated twice on polyadenylated RNA from tailbud embryos (stage 26/27 and stage 37138) with two probes derived from the 3'-untranslated regions of the XLPOU3/3b
clones (nt 1137-2039 of the XLPOU3 cDNA: Baltzinger et al., 1992; nt 2255-3292 of the XLPOU3b genomic clone: this work). Both probes share 90% identity. The POU3b probe hybridises on three transcripts of 4.3, 2.7 and 2.1 kb as does the POU3 probe, in conditions where only faint cross-hybridisation takes place between both probes (0.1 X SSC, 58°C; data not shown). Therefore, the two variants of the XLPOU3 gene both appear to be expressed as the same three transcripts in embryos. If one assumes that the length of the polyA tail is in the range of 250 nt, the cDNA may correspond to the 2.7 kb RNA.
Before stage 13, XLPOU3 transcripts are undetectable by Northern blotting. The transcription of the gene therefore appears to be regulated during development and triggered at the beginning of neurulation. XLPOUl, another POU-domain gene belonging to class III, presents a similar developmental pattern in Xenopus, with two transcripts of 2.7 and 3.5 kb (Fig. 3A , middle panel) (see also Agarwal and Sato, 1991) . first detectable at the neural plate stage (stage 14). The expression pattern observed with the full-length XLPOU3 cDNA probe is specific and does not result from a cross-hybridisation on transcripts originating from other POU genes, since: (i) a 3'-UTR XLPOU3 probe lacking the highly conserved POU domain yields an identical hybridisation pattern (see above); (ii) no cross-hybridisation with the POU domaincontaining XLPOU3 probe is observed on the 3.5 kb transcript detected by XLPOUl. As a RNA quality control, the blot was hybridised with a probe specific to the maternally and zygotically expressed ets2 gene (Fig. 3A, 
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Although the hybridisation signals due to the XLPOU3 and XLPOUl probes are equally intense (Fig. 3A) , it must be emphasised that XLPOU3 transcripts are much less abundant than those of XLPOUl, since the latter can be easily detected on total RNA (data not shown), whereas XLPOU3 transcripts can only be detected in polyadenylated RNA. The roughly equivalent signals of Fig. 3A can therefore result either from a lower polyadenylation of the XLPOUl transcripts, or from a lower specific activity of the labelled probe. A loss of signal due to the stripping/rehybridisation process cannot be excluded.
In adults, Northern blot analysis was performed with total RNA from different tissues (Fig. 3B) . The XLPOU3 transcripts were exclusively observed in brain. No transcripts could be detected in eye, heart, kidney, liver, muscle, lung, skin, spleen, stomach and testis. The XLPOU3 gene therefore exhibits a more restricted expression pattern than XLPOUl, whose transcripts are detected not only in the adult brain but also in the skin and the eye, as shown in Fig. 3B . Here, too, the steadystate level of XLPOU3 transcripts is much lower than that of XLPOU 1.
Whole-mount in situ localisation of XLPOU3 mRNA
Spatial expression pattern of XLPOU3 at several developmental stages was studied by in toto hybridisation using digoxigenin-labelled antisense RNA probes (Fig. The numbers indicate percent of similar or identical amino acid residues. The sequences are taken from the following sources: XLPOU3 (Baltzinger et al., 1992) ; N-Ott3 (Schreiber et al., 1993) ; Bm-1.2 and 4 (Hara et al., 1992) Northern blot analysis was performed with polyadenylated RNA (2.5pg) from Xenopus embryos of various stages. The XLPOU3 transcripts were first detected at stage 13-14, as were the XLPOUl transcripts (AgarwrJ and Sato, 1991). Full-length XLPOU3 cDNA or XLPOUl cDNA lacking the POU domain were used as probes. et.+2 hybridisation is shown as a loading control (Wolff et al., 1991) . Exposure times were 2 weeks for XLPOU3 and ets-2 and 1 week for XLPOU 1. The length of the RNAs was determined with an accuracy of 10%. (B) Expression of XLPOU3 and XLPOUl in adult organs of Xenopus laevis. Northern blot analysis was performed with total RNA (3Opg) from various organs. No transcripts could be detected in the heart, kidney, liver, lung, ovary, muscle, spleen, stomach and testis (not shown).
4).
Cross-sections of paraffin-embedded embryos after whole-mount hybridisation were performed to examine the tissue distribution of XLPOU3 at tailbud stage (Figs. 5, 6 and 7). Consistently with the results of the Northern blot analysis, the XLPOU3 transcripts were obviously detected in the brain. XLPOU3 transcripts were detected at early neurula (stage 14; Fig. 4A , arrowheads) as two patches of staining in the medial region of the neural plate (region D2 according to Eagleson and Harris, 1990 ) that was shown to map to the future diencephalon region of the brain. As development proceeds, transcription of XLPOU3 extends to all major levels of the brain, forebrain, midbrain, hindbrain, and finally to the spinal cord (see Fig. 4B -F for embryos of stages 14-32). A dorsal view reveals that there are no transcripts in the floor and roof plate cells. Moreover, XLPOU3 transcription occurs also in the auditory vesicles (Fig. 4E, and see below) . Control embryos were hybridised to the sense strand of XLPOU3. The complete lack of signal indicates that the chromogenic reaction is specific (Fig. 4G) .
The localisation of XLPOU3 expression was further studied by sectioning the embryos. In early neurul_a (stage 14) the patches of expression detected in the neural plate (Fig. 4A) were localised exclusively to the inner layer of the neurectoderm (data not shown). In later stages, even if all major subdivisions of the brain (fore-, mid-and hindbrain) express the XLPOU3 gene, close examination of sections reveals, however, that not all cells of the embryonic brain and spinal cord are positive. Horizontal sections of stage 22/23 (Fig. 5A ) and stage 30 (Fig. 5B ) embryos, as well as a parasagittal section of a stage 30 embryo (Fig. 5C ), reveal the absence of XLPOU3 transcripts in the anteriormost part of the brain, the telencephalon. Later in development, transverse sections along the anterior-posterior axis of stage 30 embryos indicate a dorsalventral regionalization of XLPOU3 transcripts (Fig. 6 ). This restriction of the expression pattern starts to appear at the level of the diencephalon.
A cross-section just in front of the optic vesicles shows a uniform pattern of staining in the dorsal region of the diencephalon (Fig.  6A) . At the level of the optic vesicles, the major signal is observed in the dorsal part of the diencephalon/mesencephalon (Fig. 7B,C) . A faint signal can in some instances be observed in the optic vesicles at the level of the undifferentiated retinal layer. No transcripts are detectable in roof and floor plates, in agreement with the observation carried out on the whole embryo (Fig. 4E) . Moving posteriorly in the same embryo, a section taken at the level of the auditory vesicles (Fig. 6D) shows that the dorsal half of the hindbrain, except the roof plate, still predominantly expresses the XLPOU3 gene. Moreover, the inner region of the auditory vesicle is also positive for XLPOU3 expression. In the spinal cord, when moving caudally, the XLPOU3 expression becomes more and more localised to cells near the ventricular zone (Fig. 7E,F) . It is worth mentioning that the transcription pattern of the XLPOU3 gene appears more and more restricted to dorsal regions of the brain as development proceeds. This can be seen in Fig. 7 for embryos of stages 27 and 32. In stage 32 embryos, the expression in the otic vesicle is also reduced to a narrower area of the internal wall, close to the auditory cavity. This could be taken as a first indication of the formation of the sensorial epithelium (see Nieuwkoop and Faber, 1967) .
Discussion
We had previously reported the cDNA isolation of a new POU gene belonging to class III, that we named XLPOU3 (Baltzinger et al., 1992) . The XLPOU3b genomic sequence presented here is slightly divergent from the cDNA sequence. This is a feature frequently observed in Xenopus where up to four cDNA sequences may be encountered for a gene due to genome duplication (Kobel and Du Pasquier, 1986) . The replacement of the phenylalanine which is strictly conserved in the WFC motif among the homeodomain family by a cysteine residue, is an unexpected characteristic of the putative translation product of XLPOU3 cDNA. This amino acid substitution was not observed in the translation product of the XLPOU3b genomic clone and may therefore be due to an error which occurred during the library construction.
Earlier PCR experiments performed on genomic DNA with various sets of primers specific for the XLPOU3 cDNA sequence had suggested that the corresponding gene was intronless, prompting us to isolate cognate genomic clones. The sequence of the XLPOU3b clone presented here reveals that the entire coding region is indeed intronless. This observation holds true for the brn-2 gene (Hara et al., 1992; Atanososki et al., 1995) which is closely related to XLPOU3b, as well as for other members of class III genes like brn-1, brn-4 and tst-1 (Hara et al., 1992) . Unpublished results from our laboratory on two cDNAs closely related to Ott-9VXLPOU91 (Hinckley et al., 1991; Franck and Harland, 1992 ) extend this (F) At stage 32, the regions expressing XLPOU3 are the same as in (D,E). Blue staining is detected in the branchial arches and, although not observed in embryos hybridised with the sense probe, this signal is most likely artifactual, since it is observed inconsistently.
(Cl) No signal is revealed with a sense XLPOU3 probe hybridised to a tailbud stage embryo. The dark coloration of the cement gland (cg) is due to pigmentation and does not constitute a positive signal. All embryos were cleared in Murray's reagent prior to photography. property to members of class V. It is therefore very likely that these genes arose from retroposition events, as already mentioned by Kuhn et al. (1991) . In support of this hypothesis, two pairs of direct repeats are present in the XLPOU3b genomic clone, bracketing the cDNA sequence, which may constitute a hallmark for the insertion of an extrachromosomal DNA fragment (Weiner et al., 1986) . Although many of the retropseudogenes already described are defective, several examples of genes encoding functional proteins exhibit characteristics of retroposons, especially in the POU family (Kuhn et al., 1991; Takeda et al., 1992) .
Homology searches with other members of the POUprotein family indicate that Brn-2/N-Ott-3 is the closest homologue to XLPOU3/3b. If the overall identity is only 82%, a rather low value compared to the 92% found between the frog XLPOU2 (Witta et al., 1995) and the mouse/rat Brn-4/RHS2 (Hara et al., 1992; Le Moine and Young, 1992; Mathis et al., 1992 ) the POU domains of XLPOU3b and Brn-2 are 99% identical. The homology extends to the putative promoter regions of both genes, which contain two conserved CCAAT boxes and a possible binding site for H4F1, a transcriptional regulator inducible by extracellular signalling. This suggests that XLPOU3b and brn-2 share a common transcriptional regulation. Although we could not determine the start of transcription on the XLPOU3b sequence, the occurrence of a CCAAT box at position 883 is consistent with the beginning of transcription 70-80 nt downstream, close to the S-terminus of the XLPOU3 cDNA. Despite the homology with the brn-2 gene, no CpG islands could be detected in the putative promoter region of XLPOU3b, as it was described for both brn-2 and SCIP genes. Although CpG dinucleotides (targets for DNA methylation; Bird, 1987) are more frequent in the S-region of XLPOU3b sequence, they remain underrepresented (frequency close to 3% compared to 11% in the 5'-region of the SCIP gene) (Kuhn et al., 1991) .
The putative XLPOU3b protein essentially differs from the Brn-2/N-Ott-3 proteins in the absence of homopolymeric tracts of glycine, glutamine and proline residues. Glycine and glutamine are mainly encoded by GGC and CAG codons, respectively. Instability of such triplet repeats, which leads to their expansion, has been implicated in neurodegenerative disorders in human (Mandel, 1994; Ross, 1995) . Such a triplet amplification is thought to proceed in two steps, the first one statistically infrequent, leading to the formation of stretches containing a few tens of repeats, followed by a more frequent amplification up to hundreds of repetitions. The absence of these repeats in the Xenopus sequence could suggest that the first step occurred during evolution after Xenopus divergence.
Transcription of XLPOU3/3b is first detected at the beginning of neurulation. Northern blotting as well as RT-PCR experiments indicate that both variants of the XlPOU3 gene are transcribed in tailbud embryos and in adult brain. We could not distinguish the products of each variant as the two major RNA molecules of 2.7 and 2.1 kb are both revealed by probe of each allele. Further experiments are in progress to determine whether the different transcripts are all expressed in the same cell types or if they are specifically transcribed in different cell lineage. The homology between XLPOU3/3b and brn-2, suggested by sequence comparison, may further be supported by their patterns of embryonic transcription. Both genes are brain-specific and expressed at almost all levels of the embryonic central nervous system, with a rather low transcription in the telencephalon and a pronounced dorsal transcription in the diencephalon, mesencephalon and rhombencephalon (He et al., 1989 , Alvarez-Bolado et al., 1995 . However, the correspondence between both genes needs further investigation.
A pattern of transcription similar to that of XLPOU3 has also been reported for the zebrafish ZFPOUl gene, homologous to brn-1 (Matzusaki et al., 1992) .
Other genes of the POU family have been characterised in Xenopus. Among them, XLPOUl and XLPOU2 are both brain-specific.
XLPOUl exhibits mRNA expression domains largely overlapping those of XLPOU3 (Agarwal and Sato, 1991) . Both genes, however, present unique domains of expression. Whereas XLPOU3 is expressed in the forming ear vesicle, XLPOUl is actively transcribed in the embryonic and adult eye, as well as in the adult skin (Agarwal and Sato, 1991; Baltzinger, unpublished results). XLPOU2, a gene inducible by noggin, was shown to have a direct neuralising activity (Witta et al., 1995) . Initially expressed at the level of the Spemann's organiser, later in development, it is expressed in the pronephros and in the brain, with a more pronounced specificity for the midbrain-hindbrain border. Two other Xenopus POU genes have been studied. XLPOU60, a maternally expressed protein which decreases abruptly at stage 11, may have a role in the first wave of zygotic transcription (Whitfield et al., 1993 (Whitfield et al., , 1995 . Ott-911 XLPOU91 is transcribed during gastrulation and neurulation with a localisation in the ventral-posterior region of a neurula embryo (Frank and Harland, 1992; Hinkley et al., 1992) .
As a conclusion, XLPOU3 is a new marker of neural tissues. In the brain, its expression appears to be limited rostrally to the diencephalon, a very faint expression being detected in the telencephalon.
In addition to a potential involvement in brain development, its early and restricted expression in the forming ear vesicle suggests that it may play a role in the auditory organ development. Baltzinger et al., 1992) obtained by PCR using blood genomic DNA as a template. Hybridisation was performed at 30°C in 30% (v/v) formamide, 5 X SSC, 5 X Denhardt, 0.2 mg/ml denatured salmon sperm DNA. The last washing step was at 60°C in 0.2 x SSC, 0.1% SDS. Both strands of XLPOU3b genomic ORF and flanking regions subcloned in Bluescript were sequenced manually by the dideoxy chain termination method using T7 DNA polymerase (Pharmacia). The nucleotide sequence data reported has been submitted to the EMBL data base under the accession number X96423.
Embryo collection
Xenopus laevis embryos were obtained by in vitro fertilisation using standard protocols (Moon and Christian, 1989 ) and developmental stages were determined according to Nieuwkoop and Faber (1967) .
RNA preparation and Northern analysis
Total RNAs from embryos at different developmental stages and from adult organs were prepared by a modified urea-LiCl method (Le Meur et al., 1981) . Polyadenylated RNAs were isolated by chromatography on oligo(dT)-cellulose (Collaborative Research) performed twice successively. PolyA+ RNA (2.5pg) was resolved by electrophoresis through a 1% agarose gel containing 0.7 M formaldehyde, blotted onto a nitrocellulose membrane and incubated at 42°C in hybridisation buffer for 20 h (50% v/v formamide, 5 x SSC, 5 x Denhardt, 0.25 mg/ml denatured salmon sperm DNA, 0.1 mg/ml total yeast tRNA) in the presence of 5 X 106-10' cpm per ml of 32P-random-primed labelled XLPOU3 full length cDNA. The membrane was then washed at a final stringency of 0.2 x SSC at 59°C and exposed to an X-ray film at -80°C using an intensifying screen. Blots were reprobed with either random-primed labelled XLPOUl (Agarwal and Sato, 1991) or ets-2 (Wolff et al., 1991) probes under standard conditions.
Whole-mount in situ hybridisation
The protocol of Harland (1991) modified by Knecht et al., (1995) was followed, using albino or pigmented Xenopus laeuis embryos. Full length XLPOU3 cDNA subcloned in the EcoRI site of Bluescript KS+ (Stratagene) was linearised either at the ClaI site of the polylinker (sense probe) or at the internal BamHI site of the XLPOU3 cDNA insert (antisense probe) to generate the templates used for in vitro transcription in the presence of digoxigenin-1 l-UTP (Boehringer). The chromogenic reaction with alkaline phosphatase-coupled antidigoxigenin antibody, in the presence of BM purple AP substrate (Boehringer), was performed for 10-12 h. The embryos were then fixed overnight in MEMFA (0.1 M MOPS, pH 7.4, 2 mM EGTA, 1 mM MgS04, 3.7% formaldehyde). Embryos were dehydrated in absolute methanol and either observed in Murray's clear (2:l benzylbenzoate/benzyl alcohol) or embedded in paraplast via methanol and butanol. Embedded embryos were sectioned at 10pm.
